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Description 
TECHNICAL FIELD 

5 [0001] This invention relates to conductive paste, etc. to be used for mounting to substrates of electronic parts or 
inter-electrode joint, etc. 

BACKGROUND ART 

10 [0002] Conventionally, conductive adhesive agents which have been used for mounting onto substrates of elec- 
tronic parts or for inter-electrode joint, whose purpose is fixation and electrical connection, therefore, generally have 
comprised metal particles such as conductive silver and copper, etc., having been made to disperse in a viscous resin 
for fixation or cure-type resin paste. 

[0003] To make joint effective, it is important that an adhesive agent and the surface of adherend gets sufficiently 
75 closer on a micro level. In case of an adhesive type, resins which are flexible, easily deformed and has high affinity with 
the surface of adherend have been used, while in case of a cure type, resins which have high fluidity and wetness has 
been used. This enables an adhesive agent to enter the recess and salient of adherend having unit of a micro level and 
attain good joint in case of either adhesive type or cure type. 

[0004] On the other hand, for conductive particles, particles in various shapes have been used according to their 
20 use, those of adhesive type as well as cure type have been required to be with low resistance so that good electric con- 
nection is obtainable, and have been arranged so as to improve the content ratio of conductive particles in the adhesive 
agent, and remove bubbles, and increase volumetric occupation ratio of conductive particles. 
[0005] In addition, as concerns cure type, because volume shrinkage takes place at the time of curing, for the pur- 
pose of relieving the resultant internal stress, addition of plasticizers, etc., has been implemented as well. 
25 [0006] In general, an electrical joining method involving conductive adhesive agents is being used in various fields 
for its simple nature, and recently, since resins themselves or additions of plasticizers show flexibility, the method is 
being in wide use as an electric connection method for portions where thermal as well as mechanical strain is apt to 
occur. In addition, the electric joint method using conductive adhesive agents is remarkably applied and extended to ter- 
minal electrodes for small-sized electronic parts and mounting of electronic parts onto substrates. As an example, an 
30 embodiment of mounting onto substrates has been disclosed in Japanese Patent Laid-Qpen No. 1-232735 specifica- 
" tion. 

[0007] However, in case of conventional conductive adhesive agents, whose conductivity is maintained by contact 
among conductive particles, there was a problem that stress was generated when expansion and shrinkage took place 
due to heating or when the substrates were bent, and at the time of stress relief thereof the contact among particles 
35 was removed to heighten resistance. 

[0008] In addition, since electric connection to electrodes to be connected has been conducted with contact 
between conductive particles and electrodes, . there has been a problem that not only being weak against stress as 
described above but also in some cases, surface resistance between electrodes and adhesive agents would become 
greater from the initial period. 

40 [0009] On the other hand, in recent years, in correspondence with miniaturization as well as higher performance of 
electronic equipment, not only for industrial use but also in a vast field of equipment for commercial use. it has been 
strongly desired that multilayer wiring circuit substrates on which semiconductor chips such as LSI, etc., can be 
mounted with higher density are supplied. In such a multilayer wiring circuit substrate, it is important that electric con^ 
nection can be attained with highly connection reliability among wiring patterns of plural layers formed with fine wiring 

45 pitch. 

[0010] To comply with such demand from the market, in stead of metal-plated conductor on the inner wall of through 
hole, which has been the main stream of inter-layer connection of conventional multilayer wiring substrate, there is an 
inner via hole connection method that enables optional electrode on a multilayer print wiring substrate to be interlayer- 
connected in optional wiring pattern position, that is. whole layer IVH structural resin multilayer substrate (Japanese 

so Patent Laid-Open No. 06-268345 specification). This one. in which conductive body filling in via holes of a multilayer 
print wiring substrate can connect only respective necessary layers and inner via hole can be disposed right under the 
part land, thus, can realize miniaturization of substrate sizes as well as mounting with high density. 
[0011] However, a general inner via hole connection method is implemented by squeegee-printing the conductive 
paste which fills in inside the via holes, and especially for filling conductive paste toward via holes with micro diameters 

55 the viscosity characteristics of conductive pastes are supposed to play an important role. In conductive pasts for via 
hole filling, printing characteristics and conductivity in inter-layer connection oppose each other from the point of view 
of structural materials. 

[0012] That is. when composition ratio of conductive particle among fine particles is increased for the purpose of 
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improving conductivity, resin components are absorbed on the surface of conductive particle, resulting in increase in 
viscosity of the paste, and thus printing becomes less easy In addition, when conductive particles with smalt surface 
area, that is, greater particle diameter are used, or structural ratio of conductive particles is decreased for the purpose 
of lowering viscosity of the paste to improve printing characteristics, contact surface area between conductive particles 

5 themselves becomes smaller, thus a problem on connection reliability occurs. That is, as concerns conductivity in a 
conductive paste, with conductive particles coming into point contact each other, and since electric connection between 
electrode foils disposed on the upper surfaces of via holes and conductive particles depends on point contact between 
ponductive particles and the electrode foils as well, thus, when in particular the wiring pattern in terms of line width as 
well as distance between lines have been made minute, accordingly diameters of via holes have been made minute as 

to well, it t>ecomes extremely difficult to secure high connecting reliability in inter-layer connection among multilayer wir- 
ings. 

DISCLOSURE OF THE INVENTION 

IS [0013] The purpose of the present invention is to solve Issues such as the foregoing to provide conductive paste, 
etc., which has low resistance and can tolerate stress so as to enable the conductive structure to be formed. 
[0014] First and foremost, conductivity of, for example, an adhesive agent, which is a typical example of conductive 
paste, is given by mutual contact of conductive particles dispersed in the adhesive agent. In addition, electrical cpnnec- 
tion with electrodes to be connected is given by contact, between conductive particles in the adhesive agent and elec- 

20 trodes. Accordingly, as the contact area between conductive particles as well as the contact area between conductive * 
particles and electrodes is greater, better electric connection with smaller resistance can be obtained. 
[0015] In a conductive adhesive agent, foamable resin powder, for example, is contained as a foamable material, 
and when the foamable resin powder foams by heating or decompression, as a macro structure, the volume content 
ratio of conductive particles in the adhesive agent deaeases. However, micro-structurally, contact area between con- 

25 ductive particles as well as between conductive particles and electrodes can be made equal to or more than the contact 
area In the case where no foamable resin powder Is contained. This can be attained by adopting a method of construc- 
tion such as In the method of the present invention, that the foamable resin powder undergoes foaming prior to curing 
of the resin, and subsequently undergoes curing in the case where the cure type of the conductive adhesive agent of 
the present invention is used in such a place that it can expand freely. At that time, the contact between conductive par- 

30 tides, which is defined by hardening shrinkage of resin in the portion other than the air bubble created by foaming, 
changes little compared with In the case where foamable resin powder is not contained, and in addition the number of 
joint points between conductive particles Is not significantly decreased. Therefore, the contact area between conductive 
particles for the entire layer of the conductive adhesive agent will become approximately same. This will increase in the 
entire volume of the layer of the conductive adhesive agent to be increased in apparent specific resistance, but the 

35 value of the resistance will not increase much, giving rise to those being conductive approximately on the same level. 
[0016] On the other hand, in such the case where a conductive adhesive agent is inserted in the gap having a fixed 
, distance to undergo curing, when a conventional conductive adhesive agent is used, the spacing regulation will hamper 
the hardening shrinkage for the entire conductive adhesive agent layer, and hamper the normally expected increase in 
the contact area between conductive particles by the hardening shrinkage. Such a case will only end with a simple 

40 (expansion or give rise to gaps, resulting in the connection with high resistance values. In contrast, when a conductive 
adhesive agent of the present invention is used, the bubble portions expand more than the conductive portions other 
than bubbles hardening shrinkage, and thus, compared with in a conventional case, in a limited space, stronger com- 
pression stress is generated and raises pressure in the portions other than bubbles. This increases contact area • 
. between conductive particles and between a conductive particle and an electrode to which the particle Is attached more 

45 than in the conventional ones without generating any gaps to make it possible to attain lower resistance with a good 
joint condition. In this case, the apparent specific resistance also becomes smaller. 

[0017] This serves to make it possible to provide adhesive agents having conductivity equal to or more than those 
in the case where no foamings take place as far as content ratio of foamable resin powder to be included does not 
become too excessive. 

50 [0018] At the same time thereof, in the case where the adhesive agent has been made to contain foamable resin 
powder, the structural body after the foaming will become a network structure having a lot of small pores internally and 
comprising conductive particles and adhesive agent resin. A structural body having a number of pores is extremely 
abundant in flexibility and can be easily deformed against stress to relieve stress. This stress relief is proceeded mainly 
by deformation of pores, the strength to set contact between conductive particles as well as joint with electrodes apart 

55 greatly damps. Accordingly, also when strain has been given, it becomes possible to continue holding good electrical 
connection. 

[0019] As described above, with foamable material being contained In conductive adhesive agent, it becomes pos- 
sible to provide conductive paste which shows good strain-stress resistant characteristics and has low resistance. 
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[0020] in order to attain the above-described objects, provided is the conductive paste of the present invention 
which contains conductive particles, fbamable materials foaming at the time of heating or depressing, and resin, and 
maintains good conductivity as an electrical connection material even after the expansive materials expand, that is. the 
conductive paste of the present invention is characterized by being able to maintain the resistance ratio per volume 
5 which Is not less than 10'^O*cm and not more than 10'^O*cm. 

[0021] In addition, the present invention covers conductive structures using such conductive paste, electronic com- 
. ponents. mounting bodies, circuit substrates, an electric connection method, forming method of circuit substrate, and 
forming method of ceramic electronic components. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Figure 1 is a cross-section view (A) showing the structure of a conductive adhesive agent layer and a cross-section 
15 view (B) showing a minute structure thereof .in an embodiment according to the present invention; 

Figure 2 is a cross-section view (A) showing the structure of a conductive adhesive agent layer and a cross-section 
view (B) showing a minute structure thereof in a conventional example; 

Figure 3 is a cross-section view showing the structure of an foamable resin powder in an embodiment according to 
the present invention; 

20 Figure 4 is a cross-section view showing a capadtor in an embodiment of the present invention; 

Figure 5 is a cross-section view showing a capacitor in an embodiment of the present invention; 

Figure 6 is a cross-section view showing a capacitor in an embodiment of the present invention; 

Figure 7 is a cross-section view showing an external electrode portion of a laminated ceramic capacitor in an 

embodiment of the present invention; 
25 Figure 8 is a cross-section view showing a partially enlarged external electrode portion of a laminated ceramic 

capacitor in an embodiment of the present invention; 

Figure 9 is a cross-section view showing a mounted body onto a substrate of a laminated ceramic capacitor in an 
embodiment of the present invention; 

Figure 10 is cross-section view showing a mounted body onto a semiconductor substrate in an embodiment of the 
30 ■ present invention; 

Figure 1 1 is a partially enlarged cross-section view of a circuit substrate showing the configuration of conductive 
paste for filling via holes in an embodiment of the present invention; and 

Figure 12 is a cross-section view of a partial process explaining the forming method of the circuit substrate in the 
embodiment. ■ 

[35 

DESCRIPTION OF SYMBOLS 
[0023] 

40 1 Conductive adhesive agent layer . 

2 Structural body which conductive particles and resin form 

3 Conductive particles 

4 Small pore after foamable resin powder has foamed . 

5 Hollow resin particle 
45 6 Shell wall 

7 Low boiling point hydrocarbon 

8 Pore 

10 insulating substrate 

20 Through hole 
50 30 Conductive paste for filling via holes 

40 Copper foil 

50 Conductive particle 

60 Hollow synthetic resin particle 

70 Gas, liquid, or solid 
55 80 Microcapsule 

90 Heat curing resin 

100 Via hole conductor 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] Embodiments according to the present Invention will be explained in detail with reference to the drawings as 
follows. 

5 [0025] A conductive adhesive agent being an embodiment of conductive paste of the present invention disperses 
conductive particles having conductivity into viscous resin or cure. type resin. 

[0026] That conductive particles, which are not limited to certain kinds if they are metal particles being used for gen- 
eral conductive adhesive agent, however, are preferably made from metallic particles of at least one kind to be selected 
from gold.particles, silver particles, copper particles, tin particles, indium particles, palladium particles, nickel particles 

10 or lead particles, or alloy particles made therefrom in any combination. Among them, gold particles, silver particles, or 
indium particles are further preferable since in the case where a metal itself is soft, the contact area is apt to be 
extended when compressive force is applied. In addition, in the case where solder particles have been used as a heat 
and cure type, at the time of heating, mutual interfaces of particles are fused to conduct metallic bond, which is advan- 
tageous to make resistance lower. On the other hand, taking advantage of the fact that corrosiveness does not exist. 

15 carbon particles can be preferably utilized as well. Moreover, particles configured to comprise resin particles, other 
metal particles, or ceramic particles on the surfaces of which the above-described metal, namely at least one kind of 
metal to be selected from gold, silver, copper, tin, indium, palladium, nickel, or lead, or alloy made therefrom in any com- 
bination has been coated are preferably utilized as well. 

[0027] Viscous resin to be used is not limited to a certain kinds if they are being used for pressure-sensitive adhe- 
20 sive tapes in general, such as an acrylic line of goods, a vinyl line of goods, and a rubber line of goods, etc. 

[0028] . Cure type resin to be used is not limited to a certain kinds if they are being used for cure type adhesive 
agents in general, such as a phenol line of goods, an epoxy line of goods, a silicone line of goods, an acryl line of goods, 
a polyimide line of goods, an acrylic ester line of goods, an amido line of goods, a rubber line of goods, and a vinyl line 
of goods, etc. 

25 [0029] Moreover, the conductive adhesive agent of the embodiment according to the present invention is obtained 
by making a resin into which the above-described conductive particles have been dispersed contain foamable resin 
powder which foams at the time of heating or decompression. 

[0030] In the case where the conductive adhesive agent containing this foamable resin powder is used to proceed 
with, for example, connection and fixation between electrodes on a substrate, the contained foamable resin powder 

30 foams and expands subject to heating process or decompression treatment process. 

[0031 J As shown in Figure 1 (A), the conductive adhesive agent layer 1 to be formed at that time will take expansion 
configuration in which there are a lot of small pores 4 in the structural body 2 which conductive particles and resin form. 
As shown in Figure 1 (B), microstructure is to be configured so that the conductive particles 3 may be linked in a network 
configuration, and the conductive particles 3 exist so as to cover the small pores 4 which has been formed after foam- 

35 able resin powder has foamed. 

[0032] Adopting the network configuration having such a number of small pores 4, the conductive adhesive agent 
layer 1 is supplied with flexibility, and is easily deformed at the time when strain is loaded, and it becomes feasible to 
relieve the stress in the adhesive agent layer 1 . 

[0033] In this case, compared with a conductive adhesive agent layer which is not made to contain the foamable 
40 resin powder, as a macrostructure the volume content of the conductive particles 3 in the adhesive agent decreases. 
However, the number of entire particles remain almost the same since it depends on the quantity of application, and 
micro-structurally, contact surface area between conductive particles 3 as well as between conductive particles 3 and 
electrodes being the body to which the particles are attached can be made equal to or more than the contact surface 
area in the case where no foamable resin powders are contained. This occurs because, as described before, when the 
45 distance is limited, compressive stress is generated between conductive particles 3 as well as between conductive par- 
ticles 3 and electrodes being the body to which the particles are attached due to expansion strength at the time when 
foamable resin powders foam, and thus they are tightly stuffed each other to Increase contact area. 
[0034] On the other hand, also in the case where free expansion can take place, for example, even in the case 
where the foaming makes the entire volume larger, that does not mean a simple expansion, and since the portions other 
50 than bubbles remain almost unchanged, as a consequence, mutual contact area will become approximately the same. 
[0035] This will make it possible to reveal conductivity equal to or more than conventional case as far as content of 
foamable resin powder to be included does not become too excessive. 

[0036] Moreover, the stress relief at the time of strain loading is proceeded mainly by deformation of the small pores 
4, the strength to set contact between conductive particles 3 as well as joint with electrodes apart greatly damps. 
55 Accordingly, also when strain has been given, it becomes possible to continue holding good electrical connection. 
[0037] Incidentally. In the case where resin to be used as conductive adhesive agent is a heat and cure type, foam- 
ing of foamable resin powder and curing of the adhesive agent can be proceeded simultaneously. When the adhesive 
agent gets cured at the time of heating entirely, the foamable resin powder becomes no longer foamable. For the pur- 



5 



EP 1 050 888 A1 



pose of avoiding that, such methods that the low temperature heat process is separately provided, or the foaming is 
arranged to take place in the course of competition against curing, are adaptable. In case of other cure types, they can 
be easily foamed with heat treatment process to be separately provided before cure processing, 
[0038] In addition, the method that foamable resin powder is caused to foam by reduced pressure can be also 
5 adopted, and when this method is adopted, there Is an advantage that foaming process and cure process can be sep- 
arately controlled. 

[0039] Also in the case where resin to be used for a conductive adhesive agent is an adhesive type, it can be easily 
foamed with heat treatment process or decompression treatment process to be separately provided. Here unlike a cure 
type, compression stress due to cure shrinkage of resin layer does not extend any influence, thus initial resistance 

10 tends to get more or less bigger, but suffident conductivity and stress relief effect will be able to coexist. 

[0040] As shown in Figure 3. foamable resin powder to be contained In conductive adhesive agent preferably com- 
prises microcapsules that comprise hollow resin particles 5 having shell walls 6 within which a substance such as low 
boiling point hydrocarbon 7 expandable by heating or decompression is contained. Incidentally, expansion shall include 
decomposition and evaporation. 

IS [0041] Now. in case of heat foaming, as a configuring resin, which is not limited to certain kinds if they are softened 
by low temperature heating, vinylidene chloride and acrylic-related resin, etc. are preferable. This makes expansion at 
a low temperature easier and handling will become easier. Especially, in case of heat and cure type, sufficient expan- 
sion prior to dehydration or curing, and expansion configuration which can relieve stress is attainable. On the other 
hand, in case of decompression foaming, a configuring resin is preferably resin, such as polyethylene, etc., deformation 

20 of which is feasible under a normal temperature, and with softness. 

[0042] Here, content quantity of foamable resin powder to be contained in conductive adhesive agent is set at 0.001 
to 0.5 volume ratio per unit quantity of conductive particle in an adhesive agent, on the basis of volume prior to foaming, 
which enables the above-described stress-resistant effect. With volume ratio of less than 0.001. it practically does not 
show any stress-relief effect, and with volume ratio of more than 0.5. the number of conductive particles per unit volume 

25 of conductive adhesive agent layer dramatically decrease, and consequently characteristics of resistance will show a 
considenably low state from the initial period of forming even if any deflection does not take place. Further preferably, it 
would be better if content quantity of foamable resin powder attains, on the basis of volume. 0.01 to 0.1 volume ratio 
against quantity of conductive particles in the adhesive agent. The related experimental evidence will be described 
later. 

30 [0043] Moreover, for the purpose of attaining good stress-resistant characteristics consistent with low resistance 
characteristics, it is necessary to disperse the small pores 4 as much as possible. Therefore, the diameter of a particle 
of foamable resin powder prior to foaming is preferably riot less than Ipm and not more than 50 ^m so that the number 
of conductive particles per unit volume of conductive adhesive agent layer is not dramatically reduced. This makes it 
possible to attain an expansion structure enabling stress relief without causing resistance characteristics to deteriorate. 

35 The related experimental evidence will be described later. Incidentally, the diameter of a particle easily susceptible to 
kneading is not less than 1 fim. 

[0044] In addition, the volume expansion ratio of foaming of foamable resin powder is preferably over 1 time and not 

more than 100 times. At the time of curing, compressive stress sufficiently acts between conductive particles as well as 
between conductive particles and electrodes also when foamable resin powders foam, and thus decrease in resistance 
40 can be planned. But when the expansion ratio exceeds 100 times, the number of conductive particles per unit volume 
of conductive adhesive agent layer dramatically decrease, and consequently characteristics of resistance terribly dete- 
riorate. The related experimental evidence will be described later. 

[0045] In addition, a cavity in the formed conductive adhesiye agent layer 1 (conductor) preferably has the size of 
not less than 1 \xm and not more than 100 |im, and the ratio thereof for the whole conductor volume is 3 to 50 vol%. In 

45 the case where a cavity has the size less than 10 ^m, and the ratio is less than 3 vol% against the conductor volume, 
stress relief extends less influence, and cannot maintain good electric connection when deformation takes place. In 
addition, in the case where the ratio exceeds 50 vol%, the volume content of conductive particle components decreases 
too much, giving rise to an inconvenience that the initial electric resistance is heightened. At this time, in the case with 
cavities of less than 1 ^im or with those of more than 100 \im, in spite of the occupying volume ratio thereof within a 

50 range of 3 to 50 vol%, a flat stress relief influence could not be given and when deformation took place, increase in elec- 
tric resistance was confirmed. The related experimental evidence will be described later. 

> [0046] Incidentally, in the above-described embodiment, foamable resin powder has been used as a foamable 
material of the present invention, but the foamable material is not limited to foamable resin powder. In short, for the 
foamable material those forms of powder, particle, or liquid will do if they foams at the time of heating or decompression. 
55 Thus, although the foamable material may not be foamable resin powder, the content quantity of the foamable material 
prior to foarhing should be such quantity that makes the volume ratio against 1 quantity of conductive particle 0.001 to 
0.5. In addition, the diameter of a particle of foamable material prior to foaming should be not less than 1 ^m and not 
more than 50 jim. Moreover, the volume expansion ratio of foaming of foamable material due to heating or decompres- 
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sion should be over 1 time and not more than- ICQ times. 

[0047] In addition, in the above-described embodiment, as the substance for the present Invention expanding at the 
time of heating or decompression, low boiling point hydrocarbon has been used, but as described above, in the present 
application, expansion shall include decomposition or evaporation, and therefore, as the substance expanding at the 
5 time of heating or decompression, a hydrate of inorganic compounds, etc., such as a hydrate of cuprous chloride, for 
example, can be used. In addition, for example, baking soda (sodium acid carbonate) can be used. In addition, as an 
organic substance, other than the low boiling point hydrocarbon, camphor, sodium citrate, halogenated hydrocart)on, 
azo-dtcarvoneamido, etc. can be used.- 

[0048] In addition, an electrical connection method related to the present invention has made electronic parts as 
10 well as electrodes to attain connection In good strain-resistant stress characteristics and with low resistance by pro- 
ceeding with electric connection in use of a conductive adhesive agent according to the above^iescribed configuration. 
[0049] For example, the method is the one which Is used when two different electrodes on a substrate are con-" 
nected electrically, wherein such two electrodes are connected using the above-described conductive adhesive agent, 
and thereafter the conductive adhesive agent is heated or decompressed to foam the foamable materials contained in 
15 the conductive adhesive agent. Incidentally, in case of heat and cure type conductive adhesive agent, at the time of 
heating the conductive adhesive agent, heating may be conducted only once to cause the foamable materials such as 
foamable resin powder, etc. to foam as well as cure the conductive adhesive agent itself, and for example, low temper- 
ature heat process as well as high temperature heat process may be provided so as to cause foamable materials to 
foam during the low temperature heat process and the conductive adhesive agent itself to be cured during the high tem- 
20 perature heat process. Moreover^ a heat process may comprise not less than 3 processes. In addition, as a foaming 
process, decompression treatment process may be provided separately. 

[0050] As explained above, in the case where a conductive adhesive agent of an embodiment according to the 
present invention has been used to mount electronic parts onto a substrate, connections between conductive particles 
themselves in the conductive adhesive agent layer and between an electrode on the substrate party and a conductive 
2$ particle will not be set apart even when the substrate was mechanically as well as thermally deformed, thus highly reli- 
able electric connection without any increase in resistance can be attained. Especially, in the case where as conductive 
particles, resin particles on the surface of which has been coated with metal have been used, strain-resistant stress 
characteristics are extremely improved, 

[0051] In addition, in the case where electric connection between electrodes disposed at a constant distance facing 
30 each other is implemented with a conductive adhesive agent, at time when the conductive adhesive agent of the above- 
described embodiment according to the present invention is used, and when the foamable material foams, the adhesive 
agent expands between the electrodes, thus It becomes possible to easily connect the electrodes together (refer to Fig- 
ures 4 and 5). 

[0052] In this case, the foamable material foams so as to expand entire adhesive agent layer and to make bonding 
35 between the electrodes easier, and at the same time, compression stress is of course generated between conductive 
particles themselves as well as between conductive particles and electrodes, therefore contact area between respec- 
tive conductive materials can be enlarged, and thus such an effect that resistance lowering of the conductive adhesive 
agent layer as well as resistance lowering of surface resistance against electrodes can be planned, is attainable. 
[0053] In addition, in the case where the exterior electrode is formed at the end portion of such as a ceramic elec- 
40 tronic component having electrodes Internally, the exterior electrode is arranged to have cavities by usage of conductive 
adhesive agent of the above-described embodiment according to the present invention so that also at the time of occur- 
rence of deflection the electronic component can show highly reliable performance without characteristic deterioration 
or cracks, (refer to Figure 7 and Figure 8.) 

[0054] Specific embodiments of the present invention will be explained as follows. 

45 

(Embodiment 1) 

[0055] As the conductive adhesive agent, one-liquid heat and cure type silver adhesive agent which is on the mar- 
ket has been prepared. In addition, as a foamable resin powder as one of foamable materials, microcapsules which 
50 have such a configuration that, hollow resin particles 5 as shown in Figure 3 have been filled with low boiling point 
hydrocarbon 7, and foam at around 100°C, and have an average particle diameter of approximate 20 ^im have been 
prepared. 

[0056] And to the silver adhesive agent the foamable resin powder having 0.0001 to 1 volume ratio against the 
quantity of silver has been added and kneading has been conducted again. That is. adding foamable resin powder so 
55 that addition quantity of the foamable resin powder was chosen to attain volume ratio of 0.0001. 0.0005. 0.001, 0.005. 
0.01 , 0.05, 0.1. 0.5, and 1 .0 against silver quantity 1. and kneading was conducted again. 

[0057] A glass substrate has been coated with the conductive adhesive agent paint having been prepared as men- 
tioned above so as to shape lines with a constant width and the coating thickness of 500 jim, and thereafter preliminary 
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heating has been conducted at 100*C to make the foamable resin powder foam, and thereafter, heat and cure has been 
conducted at 150**C. For the purpose of comparison, in the case where nothing Is added to the silver adhesive agent 
which is on the market, a similar sample has been formed. 

[0058] Next, section configurations of lines of the obtained samples have been observed. As shown in Figures 2(A) 
5 and (B). the section configuration of the conductive adhesive agent layer (silver adhesive agent layer) 1 of the conven- 
tional one scarcely has contained the pores 8, and the conductive particles (silver particles) 3 have been evenly dis- 
persed in the resin and in tight contact each other. 

[0059] On the other hand, as shown in Figure 1 , the section configuration in the case where foamable resin powder 
has been added to the conductive adhesive agent (silver adhesive agent) has comprised a number of small pores 4 in 
10 the conductive adhesive agent layer (silver adhesive agent layer) 1 , and the conductive partides.(silver particles) 3 have 
been in tight contact each other at portions other than the small pores 4 as in case of the conventional one. Here, con- 
verting from the diameter of foamable resin powder after foaming, the volume expansion ratio of foamable resin powder 
due to foaming was approximately 50 times. 

[0060] Next, the line resistance of the obtained samples were assessed. Any of respective resistance values includ- 
15 ing those on conventional ones were approximately 10 mO, biit In the case where foamable resin powder of 0.5 volume 
ratio has been added, the resistance has more or less increased approximately to 30 mQ. and in case of 1.0 volume 
ratio, the resistance has extremely increased approximately to 1 50 mCl 

[0061] Next, flexibility test has been conducted at each silver adhesive agent layer. The test method was set in 
accordance with JIS C6481. 5.8 Test method for modulus of rupture, and resistance characteristics against flexibility 

20 quantity of substrates were assessed. Any of samples using conductive adhesive agent to which foamable resin powder 
had been added did not show any increase in resistance when the added quantity was not less than volume ratio of 
0.001 and they were bent by 20 mm, and stress resistance was good. On the other hand, in conventional goods as well 
as those with added quantity of the foamable resin powder was less than the volume ratio of 0.001 , as of the time when 
they were bent by approximately 10 mm, increase in resistance was confirmed. 

25 [0062] Assessment result is shown in Table 1. 



[Table 1] 



40 



45 





Line resistance 


Addition quantity 


initial value 


At the time of 10 mm 
deflection 


At the time of 20 mm 

deflection 


Conventional product 


lOnnn 


32 mn 


450 mn 


0.0001 


11 mn 


21 mn 


230 mn 


0.0005 


10 mn 


15 mn 


115mn 


0.001 


11 mn 


12 mn 


20 mn 


0.005 


11 mn 


12 mn 


16 mn 


0.0 V 


10 mO 


11 mn 


13 mn 


0.05 


11 mn 


11 mn 


12 mn 


0.1 


12 mn 


12 mn 


12 mn 


0.5 


29 mn 


30 mn 


30 mn 


1.0 


150 mn 


155 mn 


158 mn 



[0063] As shown above, within the range of 0.001 to 0.5 volume ratio of addition quantity, good results on both initial 
50 resistance and stress-resistant characteristics were obtained. 

(Embodiment 2) 

[0064] The particle diameter prior to foaming will be explained. Similar to Embodiment 1, as the conductive adhe- 
55 sive agent, one-liquid heat and cure type silver adhesive agent which is on the market has been prepared. In addition, 
as the foamable resin powder, the one similar to Embodiment 1 was prepared. But, those which attained less volume 
expansion rate due to foaming of the foamable resin powder than in Embodiment 1 were chosen. 
[0065] Moreover, in terms of particle diameter of the foamable powder, various kinds were prepared, which were 
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used for addition after classifying them according to pre-foaming particle diameter of less than 1.0 ^m. from 1.0 ^im to 
10 ^im, from 10 nm to 50 urn. and over 50 nm. 

[0066] And to the prepared silver adhesive agent the respective classified foamable resin powder has been added 
so as to attain 0.05 volume ratio against silver quantity 1 and the product was kneaded again, and thus the conductive 
5 adhesive agent of Embodiment 2 has been produced. 

[0067] For the conductive adhesive agent paint prepared as described above, assessment was similarly made as 
in Embodiment 1. But, the assessment was conducted by coating in thickness of 200 ^im. The volume expansion rate 
of the foamable resin powder due to foaming was approximately 10 times. 
[0068] The assessment result will be shown in Table 2. 

10 



[Table 2] 



IS 





Line resistance 


Addition diameter 


Initial value 


At the time of 10 mm 
deflection 


At the time of 20 mm 
deflection 


Conventional product 


30 mO, 


120 mil 


1080 mn 


Less than 1 .0 ^m 


35 mO 


105 mn 


950 mQ 


1.0 -10 Jim 


32 mn 


32mft 


35 mO . 


10 - 50 ^im 


35 run 


36 mO 


38 mn 


Over 50 \un 


80 mO 


180 mn 


1250 mn . 



25 ■ 

[0069] Here, in the case where foamable resin powder of less than 1.0 \im was used, foamable resin could not be 
evenly dispersed at the time of rekneading of the adhesive agent paint, and therefore the stress-relief effect was Insuf- 
ficient. In addition, in the case where foamable resin powder of over 50 |im was used, with thickness of 200 fim. the 
foamable resin powder would exist locally in the conductive adhesive agent jayer, and the injtial resistance as well as 
30 stress-resistant characteristics were brought out of order. 

(Embodiment 3) 

[0070] The volume expansion rate will be explained. As the foamable resin powder to be added, several kinds 
35 thereof which are different in terms of softening temperature of the shell wall of the micro capsule were prepared, and 
except that they were added respectively, the conductive adhesive agent produced similarly as in Embodiment 1 was 
prepared as the conductive adhesive agent for Embodiment 3. But addition quantity of the foamable resin power was 
chosen to attain volume ratio of 0.05 against silver quantity 1. 

[0071] And subsequently, as concerns the samples for assessment, they were similarly produced as in Embodi- 
40 . ment 1. But, the heating and foaming condition for the respective foamable resin powders which are different in terms 
of softening temperature were changed, and consequently those with the volume expansion rate due to foaming of the 
foamable resin powder of 50 times, 100 times, and 200 times were obtained. 

[0072] . On the other hand, unfoamable resin balls were prepared, and except that the resin balls were added to the 
adhesive agent instead of the micro capsules, as in the above-described procedure was implemented, and conso- 
ls quently the conductive adhesive agent with the resin powder having volume expansion rate of 1 (with no expansion to 
take place) was prepared, and as concerns this adhesive agent, similar assessment sample was produced. 
[0073] As for the assessment sample which was prepared as described above, line resistance was assessed sim- 
ilarly in Embodiment 1 . 

[0074] Consequently, for the conventional product and those with one time, 50 times, and 100 times, the similar 
so value of approximately 10 mn was measured and for that with 200 times, approximately 50 mn was measured, and 
increase in line resistance was confirmed. 

[0075] However, when flexibility test was conducted similariy as in Embodiment 1 . for the conventional product and 
the product of 1 time, line resistance increased as in case of the conventional product in Embodiment 1 and good resist- 
ant characteristics could not be maintained against deflection. 

55 

(Embodiment 4) . 

[0076] Cavity volume rate at the joint portion will be explained. In accordance with Embodiment 1, silver adhesive 



9 



EP 1 050 888 A1 



agent paint was prepared by adding predetermined adding quantity of various kinds of fbamable resin powder, and 
used for coating in form of lines with thickness, of approximately 500 \im to produce an assessment sample. 
[0077] The assessment result is shown in Table 3. 

^ [Table 3] 



10 



20 



Pores in a conductive adhesive 
structure body 


Line resistance 


Pore diameter 


Pore quantity 


Initial value 


At the time of 10 mm 
deflection 


At the time of 20 mm 
deflection 


Conventional product 


in mC\ 




450 mO 


Less than 1 jim 


25 vol% 


11 ma 


28 ma 


360 ma 


1-10 Jim 


1 vol% 


11 mn 


30 ma 


400 ma 


1 - 10 Jim 


3vol% 


10 ma 


15 ma. 


18 ma 


1 - lOtim 


10vol% 


11 ma 


12 ma 


15 ma 


1 - 10 Jim 


50 vol% . 


12 ma 


15 ma 


18 ma 


1 - 10 Jim 


60 vol% 


60 ma 


80 ma 


85 ma 


10- 100 Jim 


3 vol% 


10 ma 


12 ma 


15 ma 


10- 100 jun 


50 vol% 


15ma 


16 ma 


18 ma 


Over 100 Jim 


3 vol% 


.50 ma 


80 ma 


120 ma 


Over. 100 Jim 


50 vol% 


150 ma 


250 ma 


500 ma 



[0078] From the foregoing assessment results, the following was confirmed on pores in a conductive structure 
30 body: 

Necessity of not less than 3 vol%: hole volume to a certain extent in quantity is necessary to cause stress-resistant 
characteristics to appear. 

* Necessity of being not more than 50 vol%: Over 50 vol%, the value of initial resistance increases. 

35 * Necessity of being not less than 1 jim diameter: It is difficult to prepare foamable resin powder of less than 1 jim 
as a working paint, and flocculation takes place so that stress-relief effect against deflection does not appear. 

* Necessity of not more than 100 jim diameter: For the purpose of connection of electronic components, maximum 
estimation on thickness does not exceed 1 mm, and to maintain homogeneity in the 1 mm thickness to cause 
stress-resistant characteristics to appear, holes have to have diameters of not more than 100 jim. 

(Embodiment 5) 

[0079] Similar to Embodiment 1. as the conductive adhesive agent, one-liquid heat and cure type silver adhesive 
agent which is on the market has been prepared. In addition, filling the pore resin particles with low boiling point hydro- 
45 carbon, micro capsules were prepared as the fbamable resin powder which would foam at around 1 0O^C and have aver- 
age particle diameter of approximately 20 jim. And to the silver adhesive agent the foamable resin powder having 0.1 
volume ratio against the quantity of silver has been added and kneading has been conducted again to produce the con- 
ductive adhesive agent of Embodiment 5. 

[0080] Separately from the above-described product, one-liquid heat and cure type silver adhesive agent similar to 
so that described above which is on the market except that resin particles on the surfaces of which were coated with silver 
were used as conductive adhesive agent was prepared. And to this adhesive agent the foamable resin F>owder (micro 
capsules) similar to that describe above has been added so as to attain 0.1 against conductive particle volume (Inclu- 
sive of resin particle volume), and thus another kind of the conductive adhesive agent of Embodiment 5 was produced. 
[0081] Using the formed respective conductive adhesive agents, piezoelectric elements were mounted on the sub- 
55 strates. For the purpose of comparison, a sample using a conventional conductive adhesive agent (silver adhesive 
agent) which does not contain any foamable resin powders has been produced. Incidentally, heat and cure of the adhe- 
sive agent has been conducted at 150**C, and foaming of foamable resin powder and curing of the adhesive agent has 
been conducted sirriultaneously. At this time, volume expansion ratio of foamable resin powder due to foaming was 
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approximately 20 times. 

[0082] Drive voltage was repeatedly applied to the mounted piezoelectric elements to conduct load resistance 
tests. 

[0083] Based on 10,000 times of toad tests, for the samples using the conductive adhesive agents of Embodiment 
5 5, in the case where normal silver particles were used as conductive adhesive agent, together in the case where resin 
particles coated with silver were used, increase in resistance did not take place and good electro-mechanic conversion 
characteristics were obtained. On the other hand, for the samples using the conventional conductive adhesive agents, 
resistance component at joint portions Increased and electro-mechanic conversion characteristics deteriorated. 

10 (Embodiment 6) 

[0084] Similar to Embodiment 1, as the conductive adhesive agent, one-liquid heat and cure type silver adhesive 
agent which is on the market has been prepared. In addition, filling the pore resin particles with low boiling point hydro- 
carbon, micro capsules were prepared as the fbamaWe resin powder which would foam at around 120°C and have aver- 
ts age particle diameter of approximately 10 ^m. And to the silver adhesive agent the foamable resin powder having 0.05 
volume ratio against the quantity of silver has been added and kneading has been conducted again to produce the corv 
ductive adhesive agent of Embodiment 6. 

[0085] On the other hand, separately from that, tantalum porous sintered body being the positive electrode of solid 
electrolytic capacitor using tantalum was prepared. Dielectric oxide film, and further solid electrolyte have been formed 
20 on this sintered body with a general method. Thereafter, carbon paste layer and silver paste layer have been formed in 
lamination around the periphery of the elements so as to contact the solid electrolyte, and thus key parts of the solid 
electrolytic capacitor have been formed. 

[0086] . Figure 6 is a central cross-section view showing a Ta electrolytic capacitor as an embodiment. Here, the 
negative electrode layer (the carbon paste layer and the silver paste layer) is denoted as 52, the conductive adhesive 
25 agent layer of the present invention is denoted as 53. the exterior resin is denoted as 54. the negative terminal is 
denoted as 55, the positive electrode lead is denoted as 56, the insulating plate is denoted as 57, and the positive ter- 
minal is denoted as 58 and the conductive adhesive agent layer 53 is to connect the negative electrode layer 52 with 
the negative terminal 55. 

[0087] Using the formed conductive adhesive agents of Embodiment 6. the negative electrode layer 52 of the key 

30 parts of the solid electrolytic capacitor was connected with the negative terminal 55. 

[0088] For the purpose of comparison, samples using conventional conductive adhesive agents (silver adhesive 
agents) were produced. Here, heat and cure of the conductive adhesive agent have been conducted at 150**C, and 
foaming of foamable resin powder and curing has been conducted simultaneously. At this time, volume expansion rate 
of foamable resin powder due to foaming was approximately 2 to 5 times. As a result of assessment of connection 

35 resistance at this point" of time, the conventional one as well as the produce of the present invention was left with not 
more than 2 mQ. 

[0089] Here, as in Figure 6, each sample of capacitor was molded with resin by a normal method, and a solid elec- 
trolytic capacitor was completed. At the time of resin-molding, strain is generated due to thermal expansion and shrink- 
age at each material being used. Due to resin molding, while connection resistance for conventional ones was 
40 increased to .5 mH, in case of those using conductive adhesive agent of Embodiment 6 no increase in connection resist- 
ance was found. 

(Embodiment 7) 

45 [0090] Similar to Embodiment 1, as the conductive adhesive agent, one-liquid heat and cure type silver adhesive 
agent which is on the market has been prepared. In addition, filling the pore resin particles with low boiling point hydro- 
carbon, micro capsules were prepared as the foamable resin powder which would foam at around 120*0 and have aver- 
age particle diameter of approximately 10 jxm. And to the silver adhesive agent the foamable resin powder having 0.05 
volume ratio against the quantity of silver has been added and kneading has been conducted again to produce the con- 

50 ductive adhesive agent of Embodiment 7. 

[0091] On the other hand, separately from that, tantalum porous sintered body being the positive electrode of solid 
electrolytic capacitor using tantalum was prepared. Dielectric oxide film, and further solid electrolyte have been formed 
on this sintered body with a general method. Thereafter, carbon paste layer and silver paste layer have been formed in 
lamination around the periphery of the elements so as to contact the solid electrolyte, and thus key parts of the solid 

55 electrolytic capacitor have been formed. 

[0092] Figure 4 is a central cross-section view showing a Ta electrolytic capacitor as an embodiment. As described 
above, the key parts of the solid capacitor having been produced as described above are inserted into a case (generally 
made of resin) prepared In advance, and after the negative lead formed inside the case is connected with the silver 
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paste layer being the negative internal electrode with the conductive adhesive agent, external terminals are formed at 
the both poles to configure a capacitor. In Figure 4. the negative electrode external terminal is denoted as 41. the con- 
ductive adhesive agent layer is denoted as 42, the negative electrode lead is denoted as 43. the negative internal elec- 
trode is denoted as 44, the positive electrode external terminal is denoted as 45, the case is denoted as 46. the positive 

5 internal electrode is denoted as 47, and the sealing resin is denoted as 48. 

[0093] However, actually an adhesive agent of cure type shrinks at the time of curing, the conductive adhesive 
agent after curing is not fully filled to give rise to spaces. Accordingly, a conception view will be close to Figure 5 If 
roughly expressed to an extreme. In addition, for the purpose of reducing adhesive agent costs, there is a case where 
local coating is implemented intentionally, giving rise in many cases to the configuration shown in Figure 5. 

10 [0094] In the present embodiment, foamable conductive adhesive agent of the present invention is used at the por- 
tion of the conductive adhesive agent layer 42 in Figure 4. 

[0095] But, for the conventional example, a normal conductive adhesive agent was used at the portion of the con- 
ductive adhesive agent layer 42. 

[0096] That is. the key parts of the solid capacitor is inserted into a case prepared in advance, the connection with 
IS the negative terminal electrode lead having been formed inside the case was Implemented by using the produced con- 
ductive adhesive agent of Embodiment 6. In this case, the distance between the negative terminal electrode lead and 
the silver paste layer (the negative internal electrode) of the capacitor key parts will be regulated by the case and a fixed 
distance will be maintained. Thereafter, sealing was implemented and the external electrodes at the both poles were 
formed and the capacitor was completed. 
20 [0097] For the purpose of comparison, samples using conventional conductive adhesive agents (silver adhesive 
agents) were produced. 

[0098] Here, heat and cure of the conductive adhesive agent have been conducted at 150**C, and foaming of foam- 
able resin and curing has been conducted simultaneously. At this time, volume expansion rate of foamable resin powder 
due to foaming was approximately 2 to 5 times. 
25 [0099] As a result of assessment of connection resistance at this point of time, the conventional one was left with 5 
mCl while the resistance of those using the conductive adhesive agents of the present embodiment were all reduced 
approximately to 2 mCl or less. Electric connection with good resistance characteristics has been obtained by a foam- 
able resin powder to be contained in the conductive adhesive agent. 

30 (Embodiments) 

[01 00] Conventionally, a laminated ceramic capacitor is manufactured by coating a metal paste to become an exter- 
nal electrode at the end portions of the element body obtained by integrally sintering the internal electrodes and the 
ceramic dielectric layer to undergo printing. 

35 [0101] In the present embodiment, a laminated ceramic capacitor, which was produced by a conventional method 
as shown in Figure 7 and Figure 8. except that the foamable conductive adhesive agent similar to that In Embodiment 
6 was coated instead of a metal paste, and underwent foaming and curing to be used as the external electrode 3. was 
prepared. Here, the dielectric ceramic layer is denoted as 61 , the internal electrode is denoted as 62, and the external 
electrode is denoted as 63. And. as shown in Figure 8 which is an enlarged drawing of the portion A in Figure 7, the 

40 volume of the pore 64 in the external electrode 63 was approximately 20 vol%. For the purpose of comparison, a lami- 
nated ceramic capacitor produced by a conventional method was prepared. 

[0102] After the external electrodes 63 of the both kinds of capacitor underwent solder plating, they were solder- 
mounted on a predetermined substrate. Thereafter, the mounted substrate was deflected (the test method went along 
with JIS C6481 , 5.8 Test method for modulus of rupture), and exfoliation from the substrate as well as cracks in the 1am- 

45 inated ceramic capacitor were assessed. 

[01 03] As a result of assessment, in the laminated ceramic capacitor of the conventional example, at the time when 
20 mm deflection took place, exfoliation of the external electrode and cracks in the capacitor portion occur and therefore 
capacitance decreased (80 unites among 100 unites). On the other hand, in the embodiment of the present invention, 
in spite of 20 mm deflection, neither exfoliation nor cracks occun-ed and capacitance did not decrease in ail of 100 

so unites. 

(Embodiment 9) 

[0104] A conventional laminated ceramic capacitor was mounted on the substrate using the foamable conductive 
55 adhesive agent of the present invention similarly produced as in Embodiment 6. Figure 9 is a cross section view show- 
ing how that looks like. Here, the external electrode is denoted as 71 , the capacitor key parts element is denoted as 72, 
the bonded portion formed using the conductive adhesive agent of the present invention is denoted as 74, and the land 
on the substrate 76 is denoted as 75. 
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[0105] At that time, as in Embodiment 8. the substrate was deflected (the test method went along with JIS C6481. 
5.8 Test method for modulus of rupture), and exfoliation from the substrate as well as cracks in the laminated ceramic 

capacitor were assessed. 

[0106] As a result of assessment, in the embodiment of the present invention, in spite of 20 mm deflection, neither 
5 exfoliation nor cracks occurred and capacitance did not decrease in all of 100 unites. 

(Embodiment 10) 

[0107] Figures 10(A) and (B) are drawings to show how semiconductor devices 81 and 87 are mounted on the sub- 
to strates 86 and 810. Here, the electrode pad portion is denoted as 82. the bump electrode is denoted as 83. the conduc- 
tive adhesive agent layer is denoted as 84. and the terminal electrode portions are denoted as 85 and 89. In the present 
embodiment, the foamable conductive adhesive agent was used to form the conductive adhesive agent layer 84. The 
foamable resin powder in the adhesive agent with diameter, content ratio, and foaming rate similar to those in Embodi- 
ment 6 was used. 

75 [0108] In addition, separately the bump electrode 83 itself was formed by using the conductive adhesive agent of 

the present invention. 

[01 09] In addition, the one with the electrode pad portion 82, which was formed with the conductive adhesive agent 
' of the present invention, was produced. 
[01 10] As a result that electric connection between a device and terminal electrodes was implemented with any one 
20 of the above-described three kinds or an combination thereof, a highly deflection-resistant mounted body was obtained 

and highly reliable electric connection was successfully realized. 

[01 1 1] In addition, also in the case where the portion of the bump electrode 83 in the configuration in Figure 10(B) 
was replaced with the connection by the conductive adhesive agent of the present invention, sufficiently highly reliable 
electric connection was successfully realized. 
25 [01 12] Incidentally, in the above-described respective embodiments of the present invention, as conductive adhe- 
sive agent, those of heat and cure type were used to confirm their effects, but it goes without saying that similar effects 
are attainable from those, of other cure type by heat treatment to be placed separately. 

[Oi 13] in addition, it goes without saying that those effects are also attainable by decompression treatment method. 
[0114] In addition, in the adhesive type ones, resistant characteristic decreases more or less, but it goes without 

30 saying that the stress-relief effect is similariy attainable. 

[0115] In addition, in the above-described each embodiment, as conductive particles, the case where silver parti- 
cles were used has been shown, but it goes without saying that similar effects are attainable from at least single kind of 
metal particles selected from gold, copper, tin, indium, palladium, nickel, or lead or any alloy particles of them. In addi- 
tion, as concerns carbon particles, similar remarks can be made as well, and moreover, it was possible to confirm sim- 

35 liar effects in the case where particles which have comprised metal particles, ceramic particles, or resin particles coated 
with at least single kind of metal selected from gold, silver, cppper, tin, indium, palladium, nickel, or lead, or any alloy of 
them, etc. Especially, difference was not made obvious in Embodiment 5, but the entire adhesive agent layer became 
more flexible in the case where resin particles coated with metal were used as conductive particles than in the case 
where the other conductive particles were used, and became capable of following rather huge deformations, and thus, 

40 a state of electronic connection with good stress-resistant characteristics could be obtained. 

[0116] Moreover, in the above-described respective embodiments, a foamable resin powder was added as a con- 
tent afterwards to an existing conductive adhesive agent, but it goes without saying that the foamable resin powder may 
be added as a content simultaneously when conductive particles agent and resin are kneaded. 
[0117] Incidentally, the conductive paste of the present invention was an adhesive agent in the aforementioned 

45 embodiment, but is not limited to those for joining a member with another member, but may be other conductive paste, 
for example, conductive paste for via hole filling to be described as follows. 

[01 1 8] In addition, configurations in the present invention of foamable materials, conductive members, or resin, etc., 
are not limited to the aforementioned embodiments, and it is obvious from the above-described explanation that the 

similar effect is attainable. 

50 [01 1 9] Next, embodiments of via hole filling conductive paste according to the present invention will be explained 
with reference to drawings. 

[0120] The via hole filling conductive paste in the present embodiment is different from a conventional conductive 
paste comprising conductive particles and synthetic resin being binder on the aspect that the former contains a foam- 
able materials as the third component of the paste configuring material to expand the volume of the conductive paste 
55 when it is heated and cured. That Is. the conductive paste for filling via holes related to the present embodiment is con- 
figured to comprise copper powder as the conductive particles within a range of 30 to 70 vol% and foamable materials 
within a range of 0.001 to 40 vol% at a predetermined composition ratio, to which thermal curing epoxy resin as a binder 
so as to go with the required printing aptitude and in accordance with necessity a solvent have been added. 
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[0121] As the content quantity of conductive particle, a range of the alx>ve-mentioned 30 to 70 vol% is preferable, 
and with less than 30 volt % the contact probability between conductive particles themselves will become small and 

their resistibility will be increased, and in excess of 70 vol% the binder component in the paste will get less, thus viscos- 
ity will increase to make it difficult to proceed with printing. Next, circuit substrates using the thus formulated conductive 

5 paste for filling via holes will be explained. 

[0122] Figure 1 1 (A) shows a state that an insulating substrate 10 comprises a through hole 20, conductive paste 
for filling via holes 30 related to the present embodiment, and copper foils 40, wherein through hole 20 which has been 
disposed at a predetermined position of the insulating substrate 10 has been filled with the conductive paste for filling 
via holes 30 and copper foils 40 are disposed at the both surfaces of the substrate 10. The conductive paste for filling 

10 . via holes 30 comprises a conductive particle 50 comprising copper powder, microcapsules 80, and thermal curing resin 
90, wherein the microcapsules 80 comprise hollow synthetic resin particles 60 of thermoplastic resin such as vinylidene 
chloride and acrytic resin, etc. which have been filled inside with gas, liquid, or solid 70 which will volumetric-expand at 
the time of heating. 

[0123] In the present embodiment, as the conductive particle 50, a copper powder having the average particle 

15 diameter of 0.5 to 20 jim, Its specific surface area of 0.05 to 1 .5 m^/g, and oxygen density on the particle surface of not 
more than 1.0 weight% was utilized and microcapsules 80 In which butane was included as the gas 70 volumetric- 
expandable at the time of heating were used. As volumetric-expandable gas other than butane, those such as methane 
- and ethane, etc.. for low boiling point hydrocarbon can be used. Moreover, as substance volumetric-expandable at the 
time of heating, other than gas, low boiling point organic solvent family such as alcohol, etc., or sublimation type solid 

20 such as camphor and naphthalene, etc. can be used. 

[0124] Figure 1 1 (B) shows a state that the epoxy resin 90 was cured subject to this Insulating substrate 10 being 
heated and compressed, and the microcapsules 8 inside which butane gas 70 volumetric-expands with heat, pushes 
away the epoxy resin 90 still under the pre-cure condition so as to apply strong pressure between copper powder 50 
themselves, thus increase its contact surfaces as well as strengthen contact of copper powder 50 with copper foil 40. 

25 playing a useful role to reduce the inner resistance of. the via hole electric conductor 100. Moreover, since in the via hole 
filling conductive paste in the present invention, the quantity of content of the conductive particle in the conductive paste 
can be reduced without increasing its internal resistance compared with the conventional conductive paste, printing 
performance of the conductive paste can be improved, and in addition, by reducing the quantity to be used of the con- 
ductive particle, the cost can be reduced. 

30 [0125] In the present embodiment, an example using copper powder as the conductive particle 50 was explained, 
but othenwise, the similar effect is also attainable by using gold, silver, palladium, nickel, tin, and lead. etc. in the form 
of single metal powder or alloy powder. 

[0126] For the purpose of using the technology related to the present invention and attaining the biggest effect, it is 
preferable to use as conductive particles a metal powder which Is comparatively soft, that is, apt to be plastic-deformed 

35 to an extent that the deformation is easily conducted by compression at the time when the microcapsules foams to con- 
. duct volumetric expansion at the time of heating. In addition, the particle diameters of the conductive particle 50 pref- 
erable fall In within the range of 0.2 to 20 \um so that low specific resistance as well as high connection reliability may 
be attained. That is, the particle diameter larger than 20 \in\ reduces connection area between particles and increase 
specific resistance, and on the other hand, the particle diameter smaller than 0.2 fim increases specific surface area 

40 thereof and raises paste viscosity, and thus printing characteristics decreases. The specific surface area of the conduc- 
. five particle 50 should preferably be 0.05 to 1.5 m^/g to make printing characteristics of the paste the most suitable on 
' relation with the above-described particle diameters. 
[01 27] As aforementioned, copper powder has been used as the conductive particle 50 in the present embodiment, 
but surfaces of copper powder are susceptible to oxidation and therefore it is practically difficult to change the particle 

45 surface in a state of metal into a state of paste. However, the oxidized film on the surface of copper powder might get 
thick, which is a factor to hamper conductivity when the via hole conductor is formed. Accordingly, in the present inven- 
tion, those with oxygen density of not more than or equal to 1.0 weight% on the copper powder surfaces were used. 
[0128] Next, the manufacturing method of circuit substrate of the embodiment of the present invention will be 
explained with reference to Figure 12(A) through (D). 

so [0129] As shown in Figure 12(A), after organic films 120, for example polyethylene terephthalate, etc.. are stuck on 
the both surfaces of the insulating substrate 110 which was made in a half-cured state by making thermal-cure type 
resin such as epoxy resin, etc., permeate a fiber basic member such as aramid unwoven fabric, etc., plural through 
holes 130 are formed in predetermined positions of insulating substrates 1 10 by laser, etc., and the through holes 130 
are filled inside with the via hole filling conductive paste 30 having microcapsules 80 by the printing method. 

55 [0130] As shown in Figure 12(B), after exfoliating the organic films 120, copper foils 140 as shown in Figure 12(C), 
are disposed on the both surfaces of insulating substrates 110. and compression as well as heating is applied to the 
both surfaces to bring the microcapsules 80 into volumetric expansion so as to push the thermal-cure type resin in a 
liquid state away and simultaneously bring the conductive particles themselves into tight contact by that expansion com- 
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pression, thus firm conductive pass is formed. 

[0131] Next, the Insulating substrate 1 10 In half-cured state is cured perfectly and stuck with copper tolls 140. 
[0132] Next, as shown in Figure 12(D), (xjnventional photolithography method Is applied to the copper foil 140 for 
patterning so that the predetermined wiring 150 may be disposed on the both surfaces, and thus the circuit substrate Is 
5 formed. 

[0133] In the present embodiment, as the insulating substrate 1 10, the example which has been explained is the 
one where both surface circuit substrate Is used, during the course of forming entire layer IVH structure resin multilayer 
•substrate which was made in a half-cured state by making thermal-cure type resin such as epoxy resin, etc., permeate 
a fiber basic member such as aramid unwoven fabric, etc., but It is possible as well to use glass epoxy substrate or syn- 
10 thetic resin film basic members as the insulating substrate 1 10. In this case, foaming of microcapsules 80 in the process 
in Figure 12(C) is sufficiently attained only by heating, and compression of such level that will not allow internal com- 
pression to weaken does well to be applied from the both surfaces of insulating substrates 1 10. Of course. It is possible 
to apply more intensive compression, which secures a further firm conductive pass. • 

[01 34] It is also possible to form a multilayer wiring circuit substrate by laminating thus formed plural sheets of both- 
is surfece wiring circuit substrates. 

INDUSTRIAL APPLICABILITY 

[0135] As apparent from the foregoing explanation, the conductive paste of the present invention has good strain- 
20 stress resistant characteristics and low resistance. 

[01 36] In addition, electric connection method using the conductive paste of the present invention can attain a state 
of electric connection with good stress resistant performance and low resistance. 

[0137] In addition, the conductive structure of the present invention makes it possible to obtain a conductive struc- 
ture with low resistance and excellent strain-stress resistant characteristics. 

25 [0138] . In addition, the conductive paste for filling via holes of the present invention can reduce the internal resist- 
ance of the via hole conductor and improve reliability of interlayer connection of the wiring by enlarging the contact sur- 
face area between conductive particles themselves in the conductive paste and the contact surfiace area between the 
conductive particle and the copper foil to form wiring respectively by internal compression at the time of volumetric 
expansion of the foamable agent. 

30 [01 39] Moreover, it becomes possible to reduce content quantity of the conductive particle in the conductive paste, 
and thus printing performance of the conductive paste is improved to attain better productivity, and reduction of conduc- 
tive particle's quantity to be used results In an effect on cost reduction as well. 

Claims 

1 . A conductive paste containing: 

. conductive particles; 
foamable material which foams at the time of heating or decompression; and 
40 resin, 

wherein even after foaming of said foamable material, conductivity is maintained. 

2. The conductive paste according to Claim 1 . wherein said conductive particles are metal particles, carbon particles, 
or particles on the surfaces of which metal are coated. 

45 

3. The conductive paste according to Claim 1 , wherein said foamable material is foamable resin powder. 

4. The conductive paste according to Claim 3. wherein said foamable resin powder is a microcapsule that comprises 
hollow resin particles within which a substance expandable by heating or decompression is contained, 

50 

5. The conductive paste according to Claim 4, wherein said substance expandable by heating or decompression is 
hydrocarbon having low boiling point. 

6. The conductive paste according to Claim 1, wherein content quantity of said foamable material prior to foaming is 
55 set at 0.001 to 0.5 volume ratio per unit quantity of said conductive particle. 

7. The conductive paste according to Claim I, wherein the particle diameter of said foamable material prior to foaming 
is not less than 1 \xm and not more than 50 ^m. 
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8. The conductive paste according to Claim 1 , wherein the volume expansion ratio of foaming of said foamable mate- 
rial by said heating or decompression is over 1 time and not more than 100 times. 

9. The conductive paste according to Claim 2, wherein said metal particle is at least single kind of metal particles 
5 selected from gold, silver, copper, tin, indium, palladium, nickel, or lead, or any alloy particles of them. 

10. The conductive paste according to Claim 2. wherein coating material for particle, on the surface of which said metal 
» particle is coated, is at least single kind of metal particles selected from gold, silver, copper, tin. indium, palladium, 

nickel, or lead, or any alloy particles of them. 

10 

11. The conductive paste according to Claim 2. wherein parent particles which are coated with sakJ metal on the sur- 
faces are resin particles. 

1 2. The conductive paste according to any one of Claims 1 to 11 , wherein said conductive paste is conductive adhesive 
IS agent. 

13. The conductive paste according to any one of Claims 1 to 11, wherein said conductive paste is a conductive paste 
for, filling via holes, having conductive particles and thermal-cure type resin as principal ingredient. 

20 14. The conductive paste according to Claim 13, wherein said conductive particle is at least single kind of metal parti- 
cles selected from gold, silver, palladium, copper, nickel, tin, lead, and indium or alloy particles of them, which have 
the average particle diameter of 0.5 to 20 jim, and its specific surface area of 0.05 to 1.5 m^/g. 

15. The conductive paste according to Claim 14, wherein said conductive particle is copper powder and has the aver- 
25 age particle diameter of 0.5 to 20 ^m, the specific surface area of 0.05 to 1 .5 m^/g, and its surface oxygen density 

of not more than 1 .0 welght%. 

16. The conductive paste according to Claim 13, wherein said thermal curing resin is thermal during epoxy resin com- 
position. 

30 

17. A circuit substrate comprising: 

an insulating substrate having through holes; 

a wiring pattern formed on the surface of said insulating substrate; and 
35 a via hole conductor filling said through holes to electrically connect said wiring pattern fomied on the both sur- 

faces or at. a multiple lamination structure of said insulating substrate. 

characterized in that the conductive paste according to Claim 1 3 is used for forming as said via hole conductor. 

18. The circuit substrate according to Claim 17, wherein said insulating substrate is synthetic resin film or resin perme- 
40 ating woven fabric substrate in a half-cured state such as aramid epoxy resin and glass epoxy resin, etc or unwoven 

fabric substrate. 

19. A circuit substrate manufacturing method comprising at least the steps of: 

45 disposing plural through holes in an insulating substrate; filling a conductive paste for filling via holes according 

to Claim 13 in said through holes; 

disposing copper foils on the both sides of said insulating substrate and thereafter making foamable agent in 
said conductive paste for filling via holes volumetric-expand with heating and pressure; 
curing the conductive paste; and 
so forming a wiring pattern by etching said copper foil into a predetermined pattern shaped. 

20. The circuit substrate manufacturing method according to Claim 19. wherein, as said insulating substrate, synthetic 
resin film or resin permeating woven fabric substrate in a half-cured state such as aramid epoxy resin and glass 
epoxy resin, etc., is used or unwoven fabric substrate. 

55 

21. A conductive structure electrically connected with a predetermined location, wherein the conductive structure com- 
prises a number of substantial cavities formed by foaming of foamable material. 
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22. The conductive structure according to Claim 21, wherein said conductive structure is a conductive structure com- 
prises a number of substantial cavities formed by utilizing the conductive paste according to Claim 1. 

23. The conductive structure according to Claim 21 , wherein the conductive structure comprising a number of substan- 
5 tial cavities formed by foaming comprises cavities of not less than 1 ^m and not more than 100 ^m in 3 to 50 vol%. 

24. The conductive structure according to Claim 21, wherein said conductive structure comprising a number of sub- 
stantial cavities formed by foaming has volume resistivity of not less than 10"® n*cm and not more than 10"^ 0*cm. 

10 25. A ceramic electronic component comprising an intemal electrode, 

wherein an external electrode portion/which is electrically connected with said internal electrode and formed at an 
' end poption, comprises the conductive structure according to Claim 22 comprising a number of substantial cavities. 

26; An electronic component of casing type or mold type comprising an internal electrode which is electrically con- 
15 nected with an external electrode via a conductor, 

wherein a conductor connecting said internal electrode with an external electrode or with a lead electrode electri- 
cally connected with an external electrode each other comprises the conductive structure according to Claim 22 
comprising a number of substantial cavities. 

20 27. A mounted body in v^ich an electronic component is electrically connected with a substrate, wherein said connec- 
tion portion comprises the conductive structure according to Claim 22 comprising a number of substantial cavities. 

28. The mounted body according to Claim 27, wherein said electronic component is a semiconductor device. 

25 29. A manufacturing method of a ceramic electronic component comprising an internal electrode, comprising the steps 
of: 

coating a predetermined location at an end portion where said internal electrode is exposed, with the conduc- 
tive paste according to Claim 1 ; and 
30 forming an external electrode portion by causing foamable material contained in said conductive paste to foam 

by heating or decompressing said conductive paste. 

■ 30. An electric connection method using conductive paste, comprising the steps of connecting a predetermined loca- 
tion with another predetermined location other than that location by using the conductive paste according to any 
35 one of Claims 1 to 12; and 

causing foamable material contained in said conductive paste to foam by heating or decompressing the con- 
ductive paste. 

40 31. The electric connection method according to Claim 30, wherein curing of said conductive paste takes place simul- 
taneously in said foaming step. 

32. The electric connection method according to Claim 30, comprising a step of curing of conductive paste after said 
foaming step. 

45 

33. The electric connection method according to Claim 32, wherein said foaming step is implemented at a predeter- 
mined temperature, and in said curing step, curing is implemented at a temperature higher than said predetermined 
temperature. 

50 34. The electric connection method according to claim 30, wherein said predetermined location is a predetermined 
location of an electronic component and said another location is a predetermined location of a substrate. 

35. The electric connection method according to Claim 34, wherein said electronic component is a semiconductor 

device. 

55 

36. The electric connection method according to Claim 30, wherein: 

said predetermined location is an internal electrode of an electronic component of casing type or moid type 
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which comprises internal electrodes being electrically connected with external electrodes via a conductor, and 
said another predetermined location is said external electrode or a lead electrode which is electrically con- 
nected with said external electrode. 
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